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                                                                        Abstract 
Silicon Photonics is outlined because the utilization of silicon-based materials for the generation, guide, 
management and detection of sunshine to speak over distances. Optical technology suffered from a name as 
an upscale answer, supported high price of hardware parts, as they are usually unreal victimization exotic 
materials that are dear for producing. These limitations prompted Intel to analysis the development of fiber-
optic parts from alternative materials, like chemical element earned abundant attention in recent years 
attributable to the maturity of chemical element within the industry and its chance of monolithic integration 
of each photonic and electronic devices on one chip. It develops high-volume low price optical parts 
victimization standard CMOS method-the IC producing process used nowadays. The varied challenges also 
because the milestones within the development of chemical element Photonic area unit mentioned. the issue 
in fabricating optical devices like optical device supply, modulators, detectors etc. on chemical element for 
prime shift speeds that gives high information rates for communication links also because the solutions hints 
by the chemical element photonics analysis cluster at Intel area unit projected.  
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INTRODUCTION 
Silicon photonics is outlined because the utilization 
of silicon-based materials for the generation 
(electrical-to-optical conversion), guidance, control, 
and detection (optical-to-electrical conversion) of 
sunshine to speak info over distance. The foremost 
advanced extension of this idea is to possess a 
comprehensive set of optical and electronic 
functions obtainable to the designer as 
monolithically integrated building blocks upon a 
single silicon substrate [1]. We introduce our 
approach to opto-electronic integration, element 
photonics, and description the key functions needed 
for an opto-electronic integration platform: 
generation, control, and detection of sunshine. 
Recent analysis results for silicon-based optical 
elements square measure mentioned together with a 
tunable external cavity optical device, a 50 ghz  
 
 
optical modulator and a silicon-germanium 
waveguide-based pic detector. Lastly, optical 
packaging challenges and potential next-generation 
styles square measure conferred [2, 3]. 
Lasers 
Lasers generate a beam of one wavelength by 
amplifying light-weight. Electrical or optical energy 
is tense into a gain medium that is encircled by 
mirrors to make a “cavity.” Initial photons square 
measure either electrically generated at intervals the 
cavity or injected into the cavity by an optical pump 
could also be a lightweight Emitting Diode. because 
the photons stream through the gain medium, they 
trigger the discharge of duplicate photons from an 
electron in high energy orbital by worrying it .The 
emitted photon can have a similar optical properties 
(wavelength, part and polarization), and travelling 
within the same direction because the incident 
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photon. Because the photons recede and forth 
between the mirrors, they gather further photons. 
This gain has the effect of amplifying the light. An 
external chemical, electrical or optical pump source 
will be provided to maintain population inversion, 
i.e., the state of electrons in the gain medium such 
that more number of electrons will be present in 
higher energy levels than at low levels. This is 
necessary to facilitate continuous laser emission to 
occur. Ultimately, the light is sufficiently strong to 
form a “coherent” laser beam in which all the 
photons stream in parallel at the same wavelength. 
This laser beam is shown exiting the cavity by the 
red beam at the right of the Figure below. 
 
Fig. 1: Laser Working. 
RAMAN EFFECT 
The stimulated emission is created by changing the 
state of electrons the subatomic particles that make 
up electricity. Electrons in conduction band may fall 
to valence band with the emission of a photon, a 
process stimulated by another photon. This 
generation of photons can be stimulated in many 
materials, but not in silicon due to its material 
properties. Silicon and Germanium are indirect 
bang gap materials where a recombination of 
electron in conduction band with a hole in valence 
band is least probable or does not occur at all. It has 
some momentum consideration; however, there are 
recombinations that result in phonon emission 
(heat) as is seen in ordinary silicon diodes. In case if 
photonic recombination occurs they are associated 
with phonon emissions and such large transitions of 
electron energy that cause this may cause lattice 
instability [4, 5]. 
 
 
                 Fig. 2: The Indirect Band Gap. 
Using an external laser source coupled with 
waveguide has significant problems due to sub-
micron misalignments of laser and fiber and also 
reflections of laser back to source that result in 
source instability of operation and variations in 
emitted wavelength that will distort the data being 
transmitted. However, an alternate process called 
the Raman Effect can be used to amplify light in 
silicon and other materials, such as glass fiber, 
where laser formation occurs within waveguide. 
During scattering of light the incident photon is 
absorbed which cause an electron excitation, which 
is immediately followed by the fall of the excited 
electron to lower energy state (a process stimulated 
by an immediately following photon), with the 
emission of a second photon. The energy and 
characteristics of the emitted photon depends on the 
atomic or molecular vibrational energy state of the 
atom or molecule that caused the scattering. 
 
           
Fig. 3: Raman Effect. 
 
The Raman impact is wide used nowadays to create 
amplifiers and lasers in optical fibre. These devices 
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square measure engineered by directive a shaft 
called the pump beam–into a fiber. Because the 
light-weight enters, the photons collide with 
vibratory atom the fabric and, through the Raman 
effect, energy is transferred to photons of longer 
wavelengths. If an information beam is applied at 
the acceptable wavelength, it will pick up further 
photon once traveling many kilometers within the 
fiber, the beam acquires enough energy to cause a 
big amplification of the info signal. By reflective 
light-weight back and forth through the fiber, the 
continual action of the Raman effect will turn out a 
pure shaft [6]. However, fiber-based devices 
mistreatment the Raman impact square measure 
restricted as a result of they need kilometers of fiber 
to supply decent amplification. The Raman effect is 
over 10,000 times stronger in silicon than in glass 
fibre, creating silicon an advantageous material. 
rather than kilometers of fiber, solely centimeters of 
silicon square measure needed. By mistreatment the 
Raman effect and an optical pump beam, silicon 
will currently be wont to build helpful amplifiers 
and lasers. Raman scattering is used today, for 
example, to boost signals traveling through long 
stretches of glass fiber. It allows light energy to be 
transferred from a strong pump beam into a weaker 
data beam. Most long-distance telephone calls today 
benefit from Raman amplification. Typically, a 
Raman amplifier requires kilometers of fiber to 
produce a useful amount of glass fiber. It allows 
light energy to be transferred from a strong pump 
beam into a weaker data beam. Most long-distance 
telephone calls today benefit from Raman 
amplification. Typically, a Raman amplifier 
requires kilometers of fiber to produce a useful 
amount of amplification, because glass exhibits 
very weak scattering.  
 
The light from pump photons with sufficient energy 
to excite electron undergoes scattering and 
Stimulated Raman Scattering (SRS) occurs without 
the need of a state of population inversion as in 
ordinary lasers. Since, the energy of weak data 
beam passed to molecular vibrational energy, which 
decides the wave characteristics of the emitted 
photon. This finally result the production of a final 
laser beam with characteristics of the weak data 
beam, or it can be said that energy is passed from 
amplified form of pump beam to weak data beam. 
This is similar to technique in microwave amplifier-
The Travelling Wave Tube (TWT). The final 
wavelength will be in the usable range (i.e., least 
scattering region: 1260-1675 nm). Further, 
amplification limited by scattering outside this 
range. To build a Raman laser in silicon, we first 
need to create a conduit, also known as a 
waveguide, for the light beam. This can be done 
using standard CMOS techniques to print a ridge or 
channel into a semiconducting material wafer. In 
any wave guide, some lightweight is lost through 
imperfections, surface roughness, and absorption by 
the fabric. The trick, of course, is to confirm that the 
amplification provided by the Raman result exceeds 
the loss within the wave guide [7]. The rear and 
forth reflections among a tiny low wave guide 
section creates optical device among 
semiconducting material, a method initiated by 
lightweight from a superior material like GA As or 
InP (the direct band gap materials that area unit 
wont to produce LEDs). With the Raman amplifier 
between the two insulator mirrors, we have a 
tendency to have the essential configuration 
required for an optical device. After all, optical 
device stands for “light amplification by excited 
emission of radiation,” and that is what was 
occurring in our device. Photons that entered were 
increased in variety by the Raman amplifier. 
Meanwhile, because the lightweight waves bounced 
back and forth between the two mirrors, they 
excited the emission of, however, additional 
photons through Raman scattering. The photons 
excited during this method were in section with the 
others within the amplifier, therefore, the beam 
generated are coherent. 
 
BLOCK DIAGRAM 
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Fig. 4: Block Diagram. 
 
SILICON MODULATOR 
Beyond building the light source and moving light 
through the chip, the simplest option is switching 
the laser on and off, a technique called direct 
modulation. An alternative, called external 
modulation, is analogous to waving your hand in 
front of a flashlight beam blocking the beam of light 
represents a logical 0; letting it pass represents a 1, 
without disturbing the source. The only difference is 
that in external modulation the beam is always on. 
For data rates of 10 Gbps or higher and traveling 
distances greater than tens of kilometers, this 
difference is critical. Each time a semiconductor 
laser is turned on, it “chirps”, i.e., a pulse 
broadening occurs due to device heating that result 
in variation in refractive index. The initial surge of 
current through the laser changes its optical 
properties, causing an undesired shift in wavelength 
[8, 9]. 
 
With an external modulator, by contrast, the laser 
beam remains stable, continuous, and chirp-free, 
hence comparatively a high power source can be 
used. The light enters the modulator, which shutters 
the beam rapidly to produce a data stream; even 10 
GBPS data can be sent up to about 100 km with no 
significant distortion. Fast modulators are typically 
made from lithium notate, which has a strong 
electro-optic effect-that is, when an electric field is 
applied to it, it changes the speed at which light 
travels through the material, as a result of variations 
in refractive index of the material which varies in 
early with modulating voltage applied. A silicon-
base modulator, as mentioned has the disadvantage 
of lacking this electro-optic effect [10]. To get 
around this drawback, we devised a way to 
selectively inject charge carriers (electrons or holes) 
into the silicon waveguide as the light beam passes 
through. This used a PIN diode type structure where 
waveguide forms the intrinsic region. Because of a 
phenomenon known as the free carrier plasma 
dispersion effect, the accumulated charges change 
the silicon’s refractive index and thus the speed at 
which light travels through it. The silicon modulator 
splits the beam in two, just like the lithium notate 
modulator. However, instead of the electro-optic 
effect, it is the presence or absence of electrons and 
holes that determines the phases of the beams and 
whether they combine to produce a 1 or a 0.The 
trick is to get those electrons and holes into and out 
of the beam’s path fast enough to reach gigahertz 
data rates. Previous schemes injected the electrons 
and holes into the same region of the waveguide. 
When the power was turned off, the free electrons 
and holes faded away very slowly (by lattice 
recombination etc.). Hence, the maximum speed 
was limited to about 20 megahertz.  
    
 
Fig. 5: Demodulation of Optical Data. 
 
ENCODING THE OPTICAL DATA 
By splitting the beam into 2 mistreatment 
translucent surface among the wave guide and so 
applying section shifts to either waves mistreatment 
electro-optic modulator incorporated among the 
waveguides. If the section (speed) modification is 
specified beams are out of section leading to a 
damaging interference at wherever they recombine. 
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If, on the opposite hand, no voltage is applied to 
modulators, then beams stay in section, and that 
they can add constructively once recombined, 
encoding the beam with 1s and 0s. 
 
 
Fig. 6: The Mach Zender Interferometry Structure 
for Data Encoding. 
 
DEMODULATION 
Once the beam is flowing through the wave guide, 
picture detectors are would not to collect the 
photons and convert them into electrical signals. 
They will even be wont to monitor the optical 
beam’s properties-power, wavelength, and then on-
and feed this data back to the transmitter, in order 
that it will optimize the beam. Si absorbs actinic 
radiation well, that is why it seems opaque to the 
optic. Infrared Rays, however, passes through Si 
while not being absorbed, therefore, photons at 
those wavelengths will be neither collected nor 
detected. This downside will be overcome by 
adding Ge to the Si waveguides. Ge absorbs 
infrared emission at longer wavelengths than will 
Si, Ge being a lower band gap material than Si. 
Therefore, victimisation an alloy of Si and Ge 
partially of the wave guide creates a section 
wherever infrared photons will be absorbed. Our 
analysis shows that Si Ge can do quick and 
economical infrared picture detection at 850 
nanometers and 1310 nm, the communications 
wavelengths most ordinarily utilized in enterprise 
networks nowadays. 
 
Fig. 7: The Mach Zender Interferometry Structure 
for Data Encoding. 
 
The detector devices commonly used are the above 
said PIN diode detector and Avalanche photodiode 
detector. In GA As and germanium are the preferred 
materials to be used with silicon. In Avalanche 
detectors a strong built in electric field exist at the 
pn junction due to heavy doping on either side. This 




Connecting optical fibers to optical devices on a 
chip requires attaching the fiber directly to the chip 
somehow. One approach we are pursuing is 
micromachining precise grooves in the chip that are 
lithographically aligned with the waveguide. Fibers 
placed in these grooves fall naturally into the proper 
position. Our research indicates that such passive 
alignments could lose less than 1 decibel of light as 
the beam passes from the fiber through the taper 
and into the waveguide. An index-matching gel 
material may be used sometimes. Passively couple a 
laser to a silicon photonic chip, you start by bonding 
the laser onto the silicon. Silicon etching can be 
used to produce mirrors, to help align the laser 
beam to the waveguides. You can also etch posts 
and stops into the silicon surface, to control the 
vertical alignment of the laser to the waveguide, and 
add lithographic marks, to help with horizontal 
alignment. When we lay silicon optic links on 
silicon chip, it must be optically independent from 
the rest of the substrate. For this an interleaving 
material is used, commonly silica, i.e., silicon 
dioxide which has a refractive index 1.44 which is 
less than 3.4 of silicon and hence facilitates light 
transmission by total internal reflection. 
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APPLICATIONS OF SILICON PHTONICS 
The high modulation-demodulation rates along with 
Dense Wavelength Division Multiplexing with 
which Tbps data transmission has been achieved in 
optical communication that has never been achieved 
in any other forms of communication is expected to 
come on computer systems, corporate datacenters 
and in high end servers. With the developments in 
silicon photonics where the electronic and optical 
components comes on a single integrated platform, 
this can be achieved at reduced cost and with the 
elimination of wired connections. Routers, signal 
processors etc. that forms the internet backbone will 
become more simple and powerful at low cost. 
Another achievement with developments in silicon 
photonics will be the faster and more compact 
medical equipment like imaging machines, Lasik 
surgical instruments etc. There will also be 
reduction in cost, the same thing that we see in 














To provide an insight into the event and huge 
potential application of silicon-based waveguides 
and devices derived\therefrom. The revenant 
message of these operating during this field is that 
the ease with that one might integrate photonic 
practicality with electronic practicality on a similar 
substrate in one seamless method flow. What is 
more, this method flow is compatible with 
fabrication technologies already in situ within the 
extremely developed Si electronics trade. Though 
not nonetheless dominant as a fabric for 
optoelectronic fabrication, it is tough to imagine 
extremely integrated devices of any kind not 
supported a Si technology. Consecutive few 
decades can then possible witness the redoubled 




1. R. A. Soref, J. P. Lorenzo. Single-crystal 
silicon: a new material for 1.3 and 1.6 μm 
integrated-optical components. Electron. 
Lett. 1985; 21(21): 953p. 
2. B. Schüppert et al. Optical channel 
waveguides in silicon diffused from GeSi 
allow. Electron. Lett. 1989; 25(22): 1500p.  
3. M. Bruel. Silicon on insulator material 
technology. Electron. Lett. 1995; 31(14): 
1201p. 
4. B. Jalali et al. Advances in silicon-on-
insulator optoelectronics. IEEE J. Sel. Top. 
Quantum Electron. 1998; 4(6): 938p. 
5. D. A. B. Miller. Optical interconnects to 
silicon. IEEE J. Sel. Top. Quantum Electron. 
2000; 6(6): 1312p. 
6. Online publications by Intel, see 
http://www.intel.com/go/sp/. 
7. V. R. Almeida et al. Nanotaper for compact 
mode conversion. Opt. Lett. 2003; 28(15): 
1302p. 
8. H. Rong et al. A continuous-wave Raman 
silicon laser. Nature 433. 2005; 725.  
9. G. T. Reed. Device physics: The optical age 
of silicon. Nature 427. 2004; 595. 
10. A. Liu et al. A high speed silicon optical 
modulator based on a metal–oxide 
semiconductor capacitor. 
 
 
